By DAVID THOMSON, M.B., Ch.B.Edin., D.P.H.Cantab.' (I) INTRODUCTION . A CONSIDERABLE amount of research has been done on the development of red cells in many kinds of animals by several observers, vide Keibel and Mall (1912) and Schiafer (1910) . The entire process has, however, not yet been fully elucidated, and there is a considerable amount of controversy on the subject. It would appear to me that observations on the growth in vitro of blood-forming tissues must be a very important method of investigating this subject, since the process can be watched continuously under the microscope in vivo.
(II) TECHNIQUE.
A simplification of Carrel's technique for the cultivation of tipsues in vitro has already been fully described (Thomson,' 1914) . It is unnecessary, therefore, to describe it again in detail. Small portions of blood-forming tissues of the embryonic chick (spleen and bonemarrow) were grown in a medium composed of the blood plasma of a hen one part, plus extract of embryonic chick one part. The tissue was placed in a drop of this medium on a sterile cover-slip, which was then inyerted over a hollowed-out thick glass slide and hermetically sealed- FIGS. 1B to 3B, drawn from the same culture preparation, show the production of six red cells from one amoeboid cell. Only two hours elapsed between lB and 3B.
FIGS. lC and 2c show the same process. The time which elapsed between lc and 2c was only fifteen minutes.
FIGS. 1D to 6D were drawn from a Giemsa-stained smear of the bonemarrow of a sixteen-day-old chick embryo. with paraffin wax. In a transparent culture preparation of this nature, the growth of the tissues can be watched continuously with the highest powers of the microscope, provided the preparation is kept at blood-heat by means of an electric warm stage.
(III) OBSERVATIONS ON SPLEEN CULTURES (EMBRYONIC CHICK).
In twelve-day-old chick embryos the bone-marrow is not completely developed. It is quite pale and colourless and no red blood can be obtained from it. At this age, however, the spleen is very red and vascular, and would appear to be generating blood cells very actively. The following observations on the development of the red corpuscles were made chiefly by watching the growth in vitro of this splenic tissue.
In cultures of the spleen tissue of embryos from fifteen to nineteen days old the production of red cells was less marked; possibly at this age the spleen does not form the blood elements so vigorously since now the red marrow of the bones has developed, and most probably functions as the chief blood-producing tissue of the embryo.
When a small portion of splenic tissue (twelve-day-old chick embryo) is placed in the plasma medium and incubated at 37.50C., one can observe quite a definite emigration of amoeboid cells into the surrounding plasma in three hours. After twenty-four hours incubation the tissue is surrounded with very large numbers of these cells which appear to be leucocyte-producing cells. This is not a mere emigration of cells from the tissue mass, since the cells can be seen to divide, so that we have multiplication as well as emigration. After forty-eight hours elongated cells have appeared radiating out from the original mass of tissue. These probably represent the growth of the connective tissue stroma of the spleen. After seventy-two hours red cells are usually found around the original tissue in large numbers, but they are not so numerous in some culture preparations as in others. Red cells are capable of migrating from the original tissue into the plasma, and these are apt to be confused with the red cells which are actually developed in the surrounding medium from parent amoeboid cells. The production of red cells from the latter has, however, been watched in the live culture on the warm stage under the microscope.
The nucleated red cells are apparently produced in two ways:-(a) By the development of daughter nucleated red cells within colourless amoeboid parent cells. (b) By simple mitosis of the nucleated red cells already developed by method (a).
(a) The colourless parent cells destined to produce red cells show active amceboid movement and contain numerous highly refractile granules. In the live condition the nucleus is scarcely visible. The first evidence of the formation of daughter red cells within them (as observed in live cultures) is the appearance of pinkish vacuoles in the protoplasm. These vacuoles increase in size and finally the faint outline of red cells can be discerned forming within the protoplasm of the parent cell. These become more distinct and more pink in colour and eventually they are discharged as definite red cells, or it might be more accurate to say that the colourless amoeboid cell eventually breaks up into a number of nucleated red cells. Some of these are apparently capable of producing as many as six of the latter. I have attempted to illustrate this phenomenon as it appeared to occur in the live culture preparations by the pen-and-ink sketches, Plate I. Fig. IA shows a parent amoeboid cell containing highly refractile granules and two small pink vacuoles (a). Fig. 2 is the same cell two hours later, showing three large pink vacuoles, and fig. 3 is the same cell one hour later than fig. 2 , showing the discharge of three red cells. Figs. 1, 2 , and 3B show a similar evolution of six red cells, the time elapsing between 1 and 3 being two hours. Fig. lc shows the red cells forming within a large parent cell and fig. 2c represents the same cell fifteen minutes later, showing the discharge of three red cells. The red cells developing within the parent cell undergo a gradual change in colour and shape. At first they are round with a large homogeneous nucleus and clear, colourless protoplasm. They gradually become more oval and simultaneously they develop a pinkish colour, while the nucleus becomes smaller and granular. This gradual transition in shape and in the size of the nucleus is depicted in figs. 2 to 6D. In the live culture specimens it is very difficult to see the nuclei of the parent amoeboid cells. From stained specimens of these cultures, however, it would appear that the nucleus splits up into several portions, each of which becomes the nucleus of a daughter red cell. In Plate II I have attempted to illustrate by photomicrographs what I have already depicted in the penand-ink drawings. Photomicrograph 1, taken from the live growth of embryonic chick spleen in vitro, shows a few parent amoeboid cells and also some red cells which have been discharged from them. No. 2 shows exactly the same area twenty-one hours later, and the marked increase in the number of red cells is quite evident. The remaining photomicrographs were taken from stained preparations. No. 3-shows a large parent cell (P) with daughter nucleated red cells within it. It was impossible, unfortunately, to get the whole of this cell completely in focus. No. 5 shows a similar parent cell (lower magnification) with two daughter red cells within it. No. 4 shows a mass of parent amoeboid cells, each containing from one to six nuclei. The cells are connected w ith each other by protoplasmic processes. This photograph resembles markedly fig. 30 , p. 30, in Schaifer's "Essentials of Histology" (1910) , in which is shown the development of blood corpuscles in the vascular area of the guinea-pig. Photomicrographs 6 to 9 (growth in vitro of blood-forming tissues of an embryonic chick three days old) show the formation of nucleated red cells in pairs, threes and fours; some of these form at the margin in the shape of a nucleated crescent. No. 10 is taken from a Giemsa-stained smear of the spleen of a sixteenday-old chick embryo, and shows in the centre a cell mass containing six nuclei. This I believe is a parent colourless cell about. to form six daughter nucleated red cells. No. li, from a Giemsa-stained smear (spleen puncture) from a case of human splenic anemia, shows a nucleated red cell (N), and also one in the process of mitosis (M). It is interesting to note that the human nucleated red cell is about exactly the samne size as the nucleated red cells of the chick as shown in photomicrograph 10 taken at an identical magnification, and that the non-nucleated human red cells are much smaller than the nucleated forms.
(b) The Multiplication of Nucleated Red Cells by Simple
Division.-It is well known that nucleated red cells can multiply by simple mitosis. This process has been fully observed in the blood of newts and a cinematographic film of the phenomenon has even been taken by Dr. Comandon (Pathe Freres). I am in doubt as to whether the photomicrographs 6 to 9, Plate II, represent simply the division of already existing nucleated red cells of the chick or whether they show the production of daughter red cells from the original amoeboid parent cells. If they represent the former then the photographs would appear to indicate that a nucleated red cell is capable of dividing into two, three and four red cells.
(IV) OBSERVATIONS ON BONE-MARROW CULTURES (EMBRYONIC CHICK).
In these the development of red cells was similar to that already described under the spleen cultures. Foot (1913) made observations on the cultivation in vitro of bone-marrow of chicks, more especially with regard to the development of the leucocytes. He does not appear to jy-5b have observed the developient of red cells, and he even states that the red cells in the tissue die off in the culture preparation. I am unable to agree with his observations on this point.
(V) FURTHER OBSERVATIONS. I should have stated that the young daughter red cells produced from the parent amoeboid cells vary in size. Some are at least twice as large as others. As a rule the daughter red cells each contain a vacuole in the early stage. This vacuole is situated on one side of the nucleus, and in unstained specimens appears like a highly refractile granule (vide photomicrograph 1, Plate II). In the coloured plate, figs. 1 to 8 are .painted from a Giemsa-stained smear of the spleen of a sixteen-day-old chick embryo. Figs. 1 to 4 show what I believe to be the parent amceboid cells, and in the latter two the nucleus is undergoing division. Fig. 5 is a young daughter red cell, and figs. 6, 7, and 8 show the gradual transition to the fully developed red cell. Figs. 9 to 14 are painted from a Giemsa-stained smear of a spleen puncture from a case of human splenic anamia. Here it would appear that similar transitions are occurring to those seen in the bone-marrow smear of the embryonic chick. Fig. 10 , however, is probably simply a divided red cell and not a parent amceboid cell. In the human case the same transition in colour is also noticeable.
